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With  tlie  every  day  rise  of  cost  in  fuel, 
labor,  material,  and  transportation,  the 
modern  tendency  is  to  reduce  all  losses  in  the 
power  plant  to  a  minimum.  A  loss  of  quite 
significance  which  up  to  a  few  years  ago  was 
considered  a  small  item,  is  due  to  xmcovered 
steam  pipes.  Prior  to  year  I916,  several  men 
attempted  to  perform  tests  on  coverings,  but 
their  results  were  either  incomplete  or  un- 
reliable. In  1916  L.  B.  McMillan  carried  on 
an  extensive  investigation  at  the  University 
of  Wisconsin,  and  was  the  first  one  to  obtain 
trustworthy  results,  which  proved  that  a 
saving  from  75  per  cent  to  90  per  cent  of  the 
heat  loss  throtigh  radiation  and  convection 
from  bare  pipe,  could  be  saved  by  a  covering. 

In  preparing  this  thesis,  the  aim  of  which 
is  to  carry  on  the  work,  started  by  L.  B. 
McMillan,  we  wish  to  record  our  appreciation 
of  the  assistance  and  suggestions  that  have 
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teen  reoeived  from  time  to  time  from  James 
Clinton  Peebles,  Associate  Professor  of 
Experimental  Engineering,  Armour  Institute 
of  Technology. 

We  are  also  indebted  to  L.  B.  McMillan 
for  information  obtained  from  his  treatise 
on  "The  Heat  Insulating  Properties  of 
Commercial  Pipe  Covering.",  A.S.M.E.  Trans. 
Yol.  37,  I916. 

F.E.3. 
A.W.Z. 


Chapter  I. 


INTEODUCTIOK. 
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To  insulate  effectively  heated  surfaces, 
primarily  steam  pipes,  against  loss  of  heat, 
the  question  arises  as  to  what  material  shall 
"be  used,  and  what  thickness  of  material  shall 
"be  used  for  greatest  economy.  It  is  the  aim 
of  this  thesis  to  determine  the  amount  of 
heat  loss  per  vinit  of  surface  per  hour  per 
degree  temperature  difference,  for  some  of 
the  coverings  most  commonly  used.  To  make 
the  results  of  value,  the  investigations 
were  carried  on  under  conditions  as  near 
those  of  power  plant  practice,  as  possible. 

The  effect  on  heat  losses  of  varying 
the  temperature  difference  between  pipe 
surface  and  air,  between  limits  of  6o  and 
400  degrees  fahr.,  has  been  thoroughly 
investigated.  Also  different  thicknesses 
from  I  to  3  ^^*   were  tested.  In  addition 
to  the  above,  the  mathematical  treatment 
of  the  subject  by  L.  B.  McMillan  was 
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applied  to  these  tests,  and  the  results 
compared. 


Chapter  2. 
DESCRIPTIOfi  OP  APPARATUS. 


t^3jiyMJ.^lM* 


A<»S/^ArV  7X>^-OVAa' 
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The  general  arrangement  of  the  apparatus 
is  shown  In  Fig.  2.  The  test  pipe  is  a  6  I/4 
ft.  section  of  standard  5-in*  steel  pipe  with 
an  outside  diameter  of  5.56-in.  It  contains 
an  electric  heater,  (illustrated  in  Fig.  I  ) 
consisting  of  a  4-iii»  toiler  tuhe  with  a 
layer  of  ordinary  iron  wire  wound  non-in- 
ductively,  and  a  single  thickness  of  aehestos 
tape  between,  as  insulating  material.  The 
ends  of  the  wire  are  coupled  through  a  switch 
to  a  source  of  electric  energy:  either  a  ge- 
nerator or  hattery.  The  tube  is  also  provided 
with  a  steel  shoulder  at  each  end  (outside 
diameter  4  I5/l6-in.)  the  purpose  of  which 
is  to  make  the  heater  lie  snugly  in  the  pipe, 
and  at  the  same  time  to  seal  the  ends,  thus 
preventing  direct  loss  of  heat. 

To  reduce  to  a  minimum  loss  of  heat  from 
the  ends  of  pipe  by  radiation  from  the  metal 
surface,  the  pipe  is  provided  with  caps. 
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(  designated  in  the  illustration  as  end  caps) 
atout  4-iii'  ill  thickness.  They  are  made  of 
good  heat  insulating  material,  such  as  as- 
bestos cement. 

The  temperature  difference,  that  is,  the 
difference  in  temperature  between  pipe  and 
room,  is  measured  by  six  thermo-couples  placed 
at  equal  distances  apart,  on  the  top,  side, 
and  bottom.  These  couples  are  made  of  copper 
and  advance  wire,  the  latter  being  manu- 
factured by  Driver-Harris  Wire  Co.  Each  couple 
was  imbedded  in  the  metal  of  the  pipe.  A  hole 
about  l/l6-in.  deep  and  just  large  enough  to 
admit  the  point  forming  the  junction  of  the 
two  metals  of  the  couple,  was  drilled  into  the 
pipe,  and  after  insertion  the  steel  was  forced 
down  against  this  point  by  means  of  a  blunt 
center  punch.  This  metal  to  metal  contact 
secured  in  this  way  reduced  to  a  minimum  the 
chances  for  a  drop  in  temperature  from  the  me- 
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tal  of  the  pipe  to  the  couple.  The  couple 
leads  are  well  insulated:  the  copper  with  a 
single  covering  of  silk;  the  advance  with 
rubher  tubing. 

A  pyro-volter  is  used  to  measure  the 
e.  m.  f.  of  the  couples  and  indicates  it  in 
millivolts.  This  instrument  was  calibrated 
and  a  relation  established  between  the  milli- 
volts indicated,  and  temperature,  (deg.  Fahr.) 
the  result  of  which  appeares  in  the  form  of  a 
curve.  Fig.  3» 

Direct  current  at  IIO  volts  was  used  to 
supply  the  energy  for  the  tests.  During  the 
day  it  was  furnished  by  a  200  KW.  Western 
Electric  generator  driven  by  a  Ball-Wood  steam 
engine,  located  in  the  power  plant  of  Armour 
Institute  of  Technology.  During  the  night  it 
was  furnished  by  a  battery  located  in  the 
Electric  Laboratory  of  Armour  Institute  of 
Technology.  The  current  is  regulated  by  means 
of  a  potential  rheostat. 
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The  instrument  for  measuring  the  energy 
supplied  to  the  pipe,  is  a  wattmeter.  As  a 
check  and  to  safeguard  against  any  shorted 
circuits,  a  Weston  D.  C.  voltmeter  and  a 
Weston  D.  C.  ammeter  are  connected  as  illustra- 
ted in  Fig.  2.  All  of  these  instruments  were 
oalihrated  in  the  Electric  Laboratory  of  the 
Armour  Institute  of  Technology. 


Chapter  3» 

METHOD   OF  PERFOBMIITG     TEST. 
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Before  the  coverings  vrere  tested,  each 
section  was  weighed,  and  its  thickness  at 
each  end  was  measured.  The  thickness  so 
measured  is  called  the  actual  thickness  in  the 
tahles.  The  sections  were  then  placed  on  the 
test  pipe,  and  fitted  carefully  so  that  all 
joints  were  snug,  all  cracks  cemented  with 
asbestos  cement,  and  canvass  pasted  over 
seams,  as  in  actual  power  plant  practice* 
After  this  the  covering  was  subjected  to 
medium  heat  for  at  least  two  days  and  allowed 
to  dry* 

when  the  covering  was  ready  for  testing, 
the  current  was  lowered  to  such  a  value  as  to 
make  the  power  input  about  200  watts,  and 
maintained  at  exactly  this  value  for  at  least 
five  hours  to  allow  conditions  to  become 
constant.  Readings  were  then  taken  every  hour- 
for  at  least  four  hours-of  room  temperature, 
temperature  of  the  cold  end  of  the  thermo- 
couples, (in  this  test  at  the  back  of  the 
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Switchboard)  e«  m.  f.  of  the  thermo-couples, 
temperature  under  canvass,  and  amount  of 
energy  supplied.  The  supply  of  energy  was 
then  increased  ahout  I50  watts  and  test 
repeated.  This  was  continued  until  a  tempe- 
rature difference  of  about  4OO  degrees 
Fahrenheit  was  reached.  Each  covering  was 
tested  in  the  same  manner. 


Chapter  4» 

LABORATORY  DATA  AUD     RESULTS. 
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Table  I 
Sponge  Felt  Covering  No.  I 
Size  of  pipe,  inches 5 

Thickness  of  covering,  nominal,  in.... 2 

Thickness  of  covering,  actual,  in 2 

Weight  per  foot  of  length,  Ihs 9. 21 

Temp. 
Mini-   Cold  end 
Date    Time     Watts    volts   Deg.  Pahr. 

I2/6/19  9. 00AM  560  8.74  80 

"  10.00  "  "  8.80  81 

I2/9/19  8.30  "  350  8.90  80 

"  2.00PM  "  9.48  80 

"  3.00  «  «  9.43  82 

"  5.00  "  "  9.33  80 

I2/II/19  I. 00  "  300  7.18  82 

"  2.00  "  "  7.33  82 

■  3.00  "  "  7.34  82 
"  4.00  "  "  7.38  82 
"  5.00  "      "  7.45  81 

"     6.00  "     "     7.41    83 

■  7.00  "      "       7.43      84 
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Table  I  (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 

Cold  end 

Deg.  Fahr. 

I2/II/19 

9. 00PM 

300 

7-49 

80 

I2/12/19 

II. 00AM 

250 

6.40 

85 

n 

2.00IM 

n 

6.41 

84 

n 

3.00  " 

n 

6.42 

84 

n 

4.00  " 

ti 

6.43 

83 

It 

5.00  " 

!t 

6.43 

82 

I2/I3/I9 

8.00AM 

350 

8.70 

74 

« 

10.30  " 

It 

8.70 

78 

n 

II. 15  " 

n 

8.71 

78 

n 

12.00 

n 

8.73 

78 

I2/I6/I9 

9. 00AM 

400 

10.20 

78 

n 

10.00  " 

If 

10.20 

78 

tt 

10.30  " 

ti 

10.20 

78 

tt 

11.00  " 

m 

10.20 

79 

If 

12.00 

n 

10.00 

80 

11 

1. 00PM 

ti 

10.00 

«0 

I2/I7/I9 

8.3OAM 

450 

11.80 

78 
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Table  I  (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 
Cold  end 
Deg.  Pahr. 

I2/17/19 

9.3OAM 

450 

11.70 

78 

« 

10.30  « 

n 

11.70 

78 

■ 

11.30  " 

n 

11.70 

78 

I2/I8/19 

10.30  " 

100 

2.57 

82 

n 

12.00 

n 

2.56 

82 

n 

I. 00PM 

n 

2.58 

82 

It 

2.00  " 

If 

2.57 

82 

« 

3.00  " 

n 

2.57 

83 
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Table  I  (continued) 


Date 

Time 

Temp. 
Boom 

Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Pahr. 

I2/6/I9 

9. 00AM 

80 

114 

114 

m 

10.00  " 

80 

116 

115 

I2/9/I9 

8.30  " 

80 

116 

116 

N 

2.00PM 

80 

115 

116 

N 

3.00  " 

80 

118 

119 

n 

5.00  " 

80 

116 

117 

I2/II/I9 

I.OO  " 

82 

112 

III 

N 

2.00  " 

82 

III 

112 

II 

3.00  " 

82 

III 

III 

II 

4.00  " 

82 

III 

III 

II 

5.00  " 

81 

112 

III 

11 

6.00  " 

83 

113 

113 

n 

7.00  " 

84 

114 

115 

n 

9.00  " 

80 

III 

112 

I2/I2/19 

II. 00AM 

85 

III 

112 

n 

2.00PM 

84 

III 

112 

n 

3.00  " 

84 

no 

no 
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Tatle  I  (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Pahr. 

Temp.  Under 

Canvass 

Deg.  Pahr. 

I2/12/19 

4. 00PM 

83 

lie 

1 10 

m 

5.00  " 

82 

108 

109 

I2/I3/I9 

8.00AM 

74 

108 

109 

It 

11.50  " 

78 

112 

112 

11 

12.00 

78 

113 

113 

I2/16/19 

9.00Am 

78 

118 

117 

n 

10.00  " 

78 

118 

117 

m 

10.30  " 

78 

1X8 

117 

n 

11.00  " 

79 

119 

118 

n 

12.00 

80 

120 

119 

n 

I. 00PM 

80 

120 

119 

I2/17/I9 

8.3OAM 

78 

124 

123 

n 

9.30  " 

78 

124 

123 

n 

10.30  " 

78 

124 

122 

It 

11.30  " 

78 

124 

122 

I2/I8/I9 

10,30  " 

82 

94 

94 

n 

12.00 

82 

95 

95 
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Tatle  I  (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Fahr. 

Temp.  Under 
Canvass 

Deg.  Fahr. 

I2/18/19 

I. 00PM 

82 

95      95 

N 

2.00  " 

82 

94      95 

m 

5.00  " 

83 

95      96 

nb 

• 

O 

m 

0 

-p 

•H 

■^ 

+> 

at 

« 

a> 

O 

« 

o 

.^^ 

o 

e>o 

M 

Qj 

M 

(D 

© 

H 

> 

.Q 

<J 

cd 

EH 
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Table  2 
Sponge  Felt  Covering  No.  2 
Size  of  pipe,  inches 5 

Thickness  of  covering,  nominal,  in...»I 
Thickness  of  covering,  actual,  in«.0.8l 
Weight  per  foot  of  length,  lbs 2.98 


Temp. 
Milli-   Cold  end 
Date      Time    Watts    volts   Deg.  Fahr. 


I/2I/2O    9. 00AM  100  1.50  82 

■  10.00  "  "  I. 51  82 

•  11.00  "  "  1.52  82 

•  12.00  ■  i.52  82 

•  I.OOBI  "  1.50  82 
»  3.00  "  "  1.52  82 
"  4.00  "  "  1.54  82 
"                 5.00  "  "  1.52  82 

1/22/20    I. 00  "  200  3.10  80 

«        2.00  "  "  3.00  80 

1/23/20    2.00  "  "  2.97  82 

■  4.00  "  "  2.93  85 
1/27/20    8.3OAM  300  4.80  84 
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Table   2   (continued) 


Date 

Time 

UFatts 

Milli- 
volts 

Temp. 

Gold  end 

Deg.  Fahr. 

1/27/20 

I. 00PM 

300 

4.65 

86 

1/28/20 

9. 00AM 

n 

4.27 

82 

10.00  " 

n 

4.35 

82 

11.00  " 

It 

4.37 

82 

12.00 

ti 

4.30 

65 

I.OOPE 

n 

4.31 

82 

2.00  " 

n 

4.35 

82 

3.00  " 

II 

4.30 

83 

4.00  " 

n 

4.30 

83 

1/29/20 

2.00  " 

400 

5.27 

85 

M 

5.00  " 

M 

5-37 

86 

n 

4.00  " 

n 

5.40 

86 

■ 

5.00  " 

n 

5.50 

87 

1/30/20 

II. 00 AM 

n 

6.10 

84 

n 

2.00PM 

n 

6.05 

86 

■ 

3.00  " 

M 

5-93 

85 

« 

4.00  " 

It 

5-93 

85 

« 

5.00  " 

a 

5.90 

85 
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Table  2  (oontinued) 


Date 

Time 

5 

Watts 

Milli- 
volts 

Temp. 
Cold  end 

Deg.  Fahr. 

1/30/20 

6.00PM 

300 

5.90 

84 

2/2/20 

1. 00 

n 

M 

7.22 

87 

■ 

2.00 

n 

n 

7.20 

85 

■ 

3.00 

n 

n 

7.20 

85 

« 

4.00 

If 

It 

7.20 

85 

« 

5.00 

It 

n 

7.20 

85 

2/4/20 

1. 00 

t» 

600 

8.53 

82 

R 

2.00 

n 

« 

8»6o 

81 

It 

3.00 

n 

tt 

8.60 

81 

It 

4.00 

n 

n 

8.60 

81 

11 

5.00 

H 

n 

8.64 

82 

2/5/20 

2.00 

n 

650 

9.00 

83 

n 

3.00 

tt 

tt 

9.00 

83 

■ 

4.00 

n 

IT 

9.20 

82 

It 

5.00 

« 

tt 

9.00 

84 
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Table  2  (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Pahr. 

Temp.  Under 

Canvass 

Deg.  Pahr. 

1/21/2O 

9. 00 AM 

82 

98 

98 

10.00  " 

82 

100 

100 

11.00  « 

82 

100 

100 

12.00 

82 

100 

100 

I. 00PM 

82 

99 

99 

3.00  " 

82 

99 

99 

4.00  " 

82 

100 

100 

5.00  " 

82 

100 

100 

1/22/20 

1. 00  " 

80 

III 

112 

« 

2.00  " 

80 

III 

112 

1/23/20 

2.00  " 

82 

112 

112 

« 

4.00  " 

85 

114 

114 

1/27/20 

8.3OAM 

84 

128 

128 

tt 

I. 00PM 

86 

129 

130 

1/28/20 

9. 00AM 

82 

125 

125 

V 

10.00  " 

82 

125 

125 

■ 

11.00  " 

82 

126 

126 

■ 

12.00 

85 

127 

127 

Date 
1/28/20 


1/29/20 


1/50/20 


2/2/20 


2/2/20 
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Table  2  (continued) 


Time 

Temp. 
Room 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

1. 00PM 

82 

126 

126 

2.00  " 

82 

125 

126 

5.00  " 

83 

126 

126 

4.00  " 

83 

126 

126 

2.00  " 

85 

155 

156 

5.00  " 

86 

136 

138 

4.00  " 

86 

138 

140 

5.00  " 

87 

140 

141 

I  LOOM 

84 

139 

140 

2.00PM 

86 

140 

141 

5.00  " 

85 

139 

140 

4.00  " 

85 

140 

140 

5.00  " 

85 

140 

140 

6.00  " 

84 

139 

14  c 

1. 00  " 

88 

156 

158 

2.00  " 

86 

153 

155 

5.00  " 

85 

153 

155 

4.00  " 

86 

153 

154 
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Table   2   (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

2/2/20 

5. 00PM 

86 

154 

156 

2/4/20 

1. 00  « 

82 

162 

164 

n 

2.00  " 

81 

160 

162 

It 

3.00  " 

82 

161 

162 

N 

4.00  " 

81 

161 

162 

n 

5.00  " 

84 

162 

164 

2/5/20 

2.00  " 

84 

172 

173 

n 

3.00  " 

83 

170 

171 

a 

4.00  " 

82 

169 

171 

It 

5.00  " 

85 

170 

173 
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Table  5 

Sponge  Pelt  Covering  No.  3 

Size  of  pipe ,  inches 5 

Thickness  of  covering,  nominal,  in.... 3 
Thickness  of  covering,  actxxal,  in..3.I3 
Weight  per  foot  of  length,  lbs.... 20. 10 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 

Cold  end 

Deg.  Fahr. 

1/7/20 

12.00 

300 

10.10 

87 

■ 

I. 00PM 

It 

10.10 

86 

« 

2.00 

IT 

It 

10.30 

86 

If 

3.00 

n 

11 

10.30 

86 

m 

4.00 

n 

tt 

10.30 

86 

n 

5.00 

Tf 

tt 

10.30 

84 

1/8/20 

1. 00 

n 

350 

11.70 

84 

H 

2.00 

It 

n 

11.80 

84 

If 

3.00 

n 

n 

11.80 

85 

« 

4.00 

It 

tt 

11.80 

85 

« 

5.00 

n 

It 

11.80 

85 

1/9/20 

1. 00 

ft 

400 

13.20 

82 

n 

2.00 

n 

tt 

13.20 

82 
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Table  3  (continued) 


Date 


1/9/20 


I/I0/20 


I/I3/20 


Time 


Watts 


I/I4/20 


3. 00PM 
4.00  " 
5.00  " 
9. 00AM 
10.00  " 
11.00  " 
12.00 
I. 00PM 
2.00  " 
3.00  " 
1. 00  " 
2.00  " 
3.00  " 
4.00  " 
5.00  " 
1. 00  " 
2.00  " 


400 


450 


200 


100 


Milli- 
volts 

Temp. 

Cold  end 

Deg.  Pahr. 

13.30 

82 

13.30 

82 

13.30 

82 

14.10 

78 

14.30 

79 

14.50 

80 

14.30 

80 

14.30 

76 

14.30 

76 

14.30 

76 

6.25 

85 

6.31 

85 

6.30 

85 

6.30 

85 

6.30 

84 

3.40 

80 

3.38 

80 
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Table  3  (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 

Cold  end 

Deg.  Falir. 

I/I4/20 

3. 00PM 

100 

^3o 

80 

n 

4.00  " 

n 

3.30 

80 

M 

5.00  " 

n 

3.30 

80 
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Tat)le  3  { continued) 


Date 

Time 

Temp. 
Room 
Deg.  Fahr. 

Temp.  Under 

Oanvass 

Deg.  Pahr. 

1/7/20 

12.00 

87 

115 

119 

II 

I.OOIM 

86 

115 

119 

II 

2.00  « 

85 

115 

119 

II 

3.00  " 

86 

114 

118 

11 

4.00  " 

86 

114 

118 

11 

5.00  " 

84 

113 

118 

1/8/20 

I.OO  " 

84 

114 

118 

« 

2.00  " 

84 

115 

119 

n 

3.00  " 

85 

117 

121 

2 

4. GO  " 

85 

118 

121 

« 

5.00  " 

«5 

117 

120 

1/9/20 

1. 00  " 

82 

120 

122 

n 

2.00  " 

82 

120 

122 

n 

3.00  " 

82 

120 

122 

11 

4.00  " 

82 

120 

121 

n 

5.00  " 

82 

120 

121 

I/I0/20 

9.  00AM 

78 

118 

122 

« 

10.00  « 

79 

118 

120 
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Tatle  3  (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

I/IO/2O 

II. OGAM 

80 

119 

122 

M 

12.00 

80 

119 

123 

11 

I.OOPM 

76 

116 

119 

H 

2.00  " 

76 

116 

119 

11 

3.00  " 

76 

116 

119 

I/I3/2O 

1. 00  " 

85 

105 

106 

n 

2.00  " 

85 

104 

106 

fi 

3.00  " 

85 

104 

106 

m 

4.00  " 

85 

104 

105 

m 

5.00  " 

84 

104 

105 

I/I4/2O 

1. 00  " 

80 

92 

93 

n 

2.00  " 

80 

93 

94 

• 

3.00  " 

80 

93 

94 

n 

4.00  " 

80 

93 

94 

a 

5.00  " 

80 

93 

94 
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Table  4 
Sponge  Felt  Covering  Ho.  4 

Size  of  pipe ,  inches 5 

Thickness  of  covering,  nominal,  in I 

Thickness  of  covering,  actual,  in...I.05 
Weight  per  foot  of  length,  Ihs 4 •58 


Temp. 
Milli-   Cold  end 
Date      Time    Watts    volts   Deg.  Pahr. 


2/17/20  2.00PM  100  I. 71  88 

"  3.00  "  "  1.50  89 

•  4.00  "  "  1.65  89 
"  5.00  "  "  1.62  89 

2/19/20  i.oo  "  "  I. 41  84 

«  2.00  "  "  1.42  84 

•  3.00  "  "  1.40  84 

■  4.00  "  "  1.39  84 

•  5.00  "  "  1.42  84 
2/20/20  12.00  "  I. 61  86 

■  I.OOHJ  "  1.55  86 

■  4.00  "  "  1.55  84 
2/23/20  I.OO  "  200  3*48  83 
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Tatle  4  (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 
Cold  end 

Deg.  Pahr. 

2/23/20 

2.00PM 

200 

3-38 

82 

• 

3.00  " 

n 

3-43 

82 

■ 

4.00  " 

n 

3.38 

84 

m 

5.00  " 

If 

3.30 

84 

2/24/20 

12.00 

450 

7*35 

83 

■ 

I.OOBJ 

n 

7.40 

85 

■ 

3.00  " 

n 

7.30 

83 

« 

4.00  " 

n 

7.30 

82 

« 

5.00  " 

n 

7.30 

86 

2/25/20 

2.00  " 

550 

8.82 

84 

■ 

3.00  " 

It 

8.91 

81 

« 

4.00  " 

n 

9.00 

80 

II 

5.00  " 

n 

9.05 

80 

2/26/20 

2.00  " 

300 

4.88 

83 

■ 

3.00  " 

n 

5.10 

84 

n 

4.00  " 

n 

5-13 

80 

u 

5.00  " 

n 

5.12 

80 

4/5/20 

2.00  " 

60 

1. 155 

78 

-36- 
Table  4  (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 

Cold  end 

Deg.   Pahr. 

^b/^O 

3. 00PM 

60 

1. 10 

80 

n 

4.00 

n 

tt 

.98 

78 

n 

5.00 

tl 

tt 

•99 

79 

11 

6.00 

It 

It 

•99 

78 

n 

7.00 

n 

tt 

.98 

78 

n 

8.00 

It 

tt 

.92 

77 

ft 

9.00 

n 

tf 

.92 

77 

2/6/20 

1. 00 

tt 

150 

2.58 

79 

« 

2.00 

tf 

It 

2.50 

79 

a 

3.00 

If 

tt 

2.48 

82 

n 

4.00 

If 

If 

2.47 

82 

« 

5.00 

tt 

tl 

2.43 

81 

11 

6.00 

tt 

It 

2.47 

80 

n 

7.00 

n 

tt 

2.47 

80 

4/7/20 

1. 00 

n 

380 

5.85 

81 

n 

3.00 

tt 

n 

6.45 

83 

« 

4.00 

It 

n 

6.45 

85 

« 

5.00 

It 

n 

6.40 

85 
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Table  4  (Qontinued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 
Cold  end 

Deg.  Fahr. 

4/8/20 

I. 00PM 

470 

7.75 

78 

m 

2.00  " 

n 

7-79 

77 

m 

3.00  " 

a 

7.80 

78 

m 

4.00  " 

ti 

7.85 

85 

• 

5.00  " 

n 

7.86 

85 

4/S/20 

2.00  " 

700 

9-97 

76 

a 

5.00  " 

n 

11.30 

78 

■ 

6.30  " 

B 

II. 10 

78 

2/26/20 

8.3OAIS 

95 

1.60 

76 

« 

11.00  " 

n 

1.60 

76 

■ 

12.00 

n 

1.60 

79 
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Table  4  (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Pahr. 

Temp.  Under 

Canvass 

Deg.  Pahr. 

2/17/20 

2.00PM 

88 

102 

103 

11 

3.00  " 

89 

103 

104 

« 

4.00  " 

89 

103 

104 

n 

5.00  " 

88 

102 

104 

2/19/20 

1. 00  " 

83 

97 

98 

m 

2.00  " 

84 

97 

99 

« 

3.00  " 

84 

98 

99 

« 

4.00  " 

84 

97 

99 

« 

5.00  " 

83 

97 

99 

2/20/20 

12.00 

86 

99 

100 

II. 

I. 00PM 

86 

99 

lOi 

« 

4.00  " 

84 

97 

99 

2/23/20 

1. 00  " 

83 

112 

108 

■ 

2.00  " 

82 

107 

no 

« 

3.00  " 

80 

106 

no 

11 

4.00  " 

84 

108 

112 

n 

5.00  " 

84 

108 

112 

2/24/20 

12.00 

83 

138 

138 
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Table  4  (continued) 


Date 

Time 

Temp. 
Boom 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

2/24/20 

I. 00PM 

85 

138 

138 

n 

3.00  " 

83 

136 

136 

« 

4.00  " 

82 

136 

136 

n 

5.00  " 

86 

138 

138 

2/25/20 

2.00  " 

84 

146 

140 

II 

3.00  " 

81 

144 

146 

M 

4.00  " 

80 

144 

146 

■ 

5.00  " 

79 

142 

145 

2/26/20 

2.00  " 

82 

123 

127 

n 

3.00  " 

82 

120 

122 

11 

4.00  " 

79 

116 

118 

« 

5.00  " 

78 

116 

118 

4/5/20 

2.00  " 

78 

88 

86 

• 

3.00  " 

79 

90 

87 

« 

4.00  " 

78 

89 

86 

« 

5.00  " 

78 

88 

86 

« 

6.00  " 

78 

87 

86 

• 

7.00  " 

78 

87 

86 
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Ta"ble  4  (oontinued) 


Date 

Timf 

Temp- 
Room 
Deg.  Pahr. 

Temp.  Under 
Canvass 

Deg.  Fahr. 

^hl^o 

8.00PM 

77 

87 

85 

n 

9.00 

It 

77 

87 

85 

4/6/20 

1. 00 

Tt 

79 

98 

96 

n 

2.00 

n 

80 

99 

96 

« 

3.00 

tt 

81 

lOI 

98 

« 

4.00 

tt 

82 

lOi 

98 

« 

5.00 

It 

81 

lOI 

98 

« 

6.00 

n 

80 

100 

97 

« 

7.00 

ft 

80 

100 

97 

4/7/20 

1. 00 

It 

81 

100 

97 

N 

3.00 

tt 

85 

131 

127 

n 

4.00 

n 

.  84 

131 

128 

n 

5.00 

It 

85 

132 

128 

4/8/20 

1. 00 

It 

78 

135 

131 

n 

2.00 

n 

77 

135 

131 

N 

5.00 

n 

78 

136 

132 

« 

4.00 

It 

85 

142 

139 

Date 

4/8/20 
4/9/20 


2/26/20 
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Tatle  4  (continued) 


Time 

Temp. 
Room 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

5. 00PM 

85 

145 

138 

2.00  " 

76 

143 

140 

5.00  " 

79 

160 

154 

6.30  " 

79 

161 

156 

8.3OAM 

77 

89 

90 

11.00  " 

75 

90 

92 

12.00 

78 

92 

93 
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Table  5 
Astestos  Sponge  Pelt  Covering  Ho.  5 

Size  of  pipe,  inches 5 

Thickness  of  covering,  nominal,  in I 

Thickness  of  covering,  actual,  in..0.902 
Weight  per  foot  of  length,  lbs 4. 10 


Temp. 
Milli-   Cold  end 
Date      Time    Watts    volts   Deg.  Fahr. 


3/1/20  2.00PM  150  3.20  81 

"  3.00  "     "  3.15  81 

•  4.00  "     "  3.20  81 

•  5.00  "     "  5.10  80 

"  6.00  "    "  5.00  81 

3/2/20  II. 00AM  300  5.85  82 

"  12.00       "  5.90  82 

"  I. 00PM     "  5.90  84 

■  2.00  "    "  5.95  86 
«  3.00  "     "  5.95  85 

■  4.00  "     "  5.95  84 

•  5.00  "    "  6.00  84 
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Table  5    (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 
Cold  end 

Deg.  Fahr. 

3/3/20 

II. 00AM 

450 

9.15 

82 

« 

12.00 

ti 

9.15 

84 

« 

I. 00PM 

n 

9.25 

85 

R 

2.00  " 

n 

9.30 

84 

n 

3.00  " 

n 

9.15 

87  , 

n 

4:00  " 

n 

9.15 

87 

n 

5.00  " 

If 

9.25 

86 

^5/A^^o 

II. 00AM 

600 

11.00 

88 

n 

12.00 

II 

11.75 

86 

n 

I.OOBI 

n 

11.80 

82 

n 

2.00  " 

n 

11.90 

81 

n 

3.00  « 

n 

12.00 

81 

n 

4.00  " 

11 

12.15 

81 

fi 

5.00  " 

n 

12.15 

81 
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Ta"ble  5    (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Pahr. 

Temp.  Under 

Canvass 

Deg.  Pahr. 

3/1/20 

2.00PM 

80 

99 

lOl 

It 

3.00  " 

81 

99 

lOI 

n 

4.00  " 

81 

98 

lOI 

n 

5.00  " 

80 

98 

lOI 

It 

6.00  " 

81 

100 

102 

3/2/20 

II. 00AM 

82 

117 

120 

n 

12.00 

82 

119 

121 

n 

I. 00PM 

84 

120 

122 

n 

2.00  " 

86 

122 

124 

N 

3.00  " 

85 

121 

123 

If 

4.00  " 

84 

118 

122 

B 

5.00  " 

84 

118 

122 

3/3/20 

II. 00AM 

82 

131 

135 

n 

12.00 

84 

134 

137 

n 

1. 00PM 

80 

135 

136 

n 

2.00  " 

84 

136 

137 

n 

3.00  " 

87 

137 

138 
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Table  5   (continued) 


Date 

Time 
4. 00PM 

Temp. 
Hoom 
Deg.  Pahr. 

87 

Temp.  Under 

Canvass 

Deg.  Pahr. 

'bbl^^ 

139 

140 

n 

5.00  " 

87 

158 

140 

1>I^I^0 

II. 00AM 

89 

148 

151 

n 

12.00 

86 

149 

150 

n 

I. 00PM 

82 

147 

149 

11 

2.00  " 

82 

148 

150 

11 ' 

3.00  " 

82 

147 

150 

It 

4.00  " 

82 

147 

150 

It 

5.00  •• 

82 

148 

150 
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Table  6 
85^  Magnesia  Covering  (lOyra.  old) 
Size  of  pipe, inches .5 

Thickness  of  covering,  nominal,  in....... I 

Thickness  of  covering,  actual,  in O.98 

Weight  per  foot  of  length,  lbs 2.80 

Temp. 
Milli-   Cold  end 
Date     Time    Watts    volts   Deg.  Pahr. 

3/22/20  I. 00PM  150  2.60  80 

«  2.00  "  "  2.50  82 

«  3.00  "  "  2.30  86 

"  4.00  "  "  2.30  83 

•  5.00  "  "  2.30  83 

3/23/20   I. 00  "   300    4.70    85 

■  2.00  "  "  4.70  84 
«  3.00  "  "  4.60  86 

•  4.00  "  "  4.60  88 
"  5.00  "  "  4.60  90 

3/24/20   9. 00AM   450     7.20     88 

■  11.00  "    "     7.10     83 

■  12.00      "      7.20     88 
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TaTale  6  (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 

Cold  end 

Deg.  Fahr. 

/24/20 

I. 00PM 

450 

7.20 

86 

■ 

2.00  " 

If 

7.25 

87 

« 

3.00  " 

n 

7.25 

86 

• 

4.00  " 

n 

7.25 

89 

m 

5.00  " 

R 

7.40 

90 

/25/2O 

8.00AM 

600 

10.30 

87 

0 

12.00 

n 

10.30 

89 

« 

I. 00PM 

n 

10.50 

86 

9 

2.00  " 

n 

10.50 

86 

m 

5.00  " 

It 

10.70 

86 

» 

4.00  " 

n 

10.10 

86 

a 

5.00  " 

II 

10.10 

85 

« 

5.30  " 

n 

10.10 

86 
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Tatle  6  (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Pahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

3/22/20 

I. 00PM 

80 

102 

103 

n 

2.00  " 

82 

102 

104 

n 

3.00  " 

86 

104 

105 

II 

4.00  " 

83 

103 

104 

n 

5.00  " 

83 

103 

104 

3/23/20 

1. 00  " 

85 

119 

120 

n 

2.00  " 

84 

118 

120 

'• 

3.00  « 

86 

122 

123 

n 

4.00  " 

88 

122 

124 

n 

5.00  " 

90 

122 

124 

3/24/20 

9. 00AM 

88 

137 

139 

It 

11.00  " 

QQ 

138 

139 

« 

12.00 

88 

136 

138 

« 

I. 00PM 

86 

136 

139 

n 

2.00  " 

87 

137 

140 

II 

3.00  " 

86 

137 

140 

m 

4.00  " 

89 

136 

139 
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Table  6  (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

3/24/20 

5. 00PM 

90 

137 

140 

3/25/20 

8.00AM 

87 

150 

154 

n 

12.00 

86 

150 

154 

« 

I. 00PM 

85 

148 

150 

■ 

2.00  " 

82 

147 

148 

n 

5.00  " 

83 

147 

150 

n 

4.00  " 

84 

146 

150 

m 

5.00  " 

84 

148 

151 

M 

5.30  " 

86 

148 

152 
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Table  7 
Magnesia  Covering 
Size  of  pipe ,  inches 5 

Thickness  of  covering,  nominal,  in.... I 
Thickness  of  covering,  actual,  in.. I. 10 
Weight  per  foot  of  length,  lbs 2.47 


Temp. 
Milli-   Cold  end 
Date      Time    Watts    volts   Deg.  Fahr, 


3/8/20  I. 00PM  150  2.88  80 

"  2.00  «     «  2.85  81 

"  3.00  "     "  2.90  81 

"  4«oo  "    "  2.90  84 

•  5.00  "     "  2.75  83 

■  6.ee  "    "  2.85  83 
3/9/20  I. 00  "  300  5.43  86 

■  2.00  "    "  5.43  87 
"  3»oo  "    "  5.44  87 

■  4.00  "    "  5.45  87 
"  5.00  "    "  5.46  89 

3/10/20  I. 00  "  450  8.50  86 
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Tatle  7  (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 

Cold  end 

Deg.  Pahr. 

3/10/20 

2.00PM 

450 

8.50 

86 

n 

3.00  « 

n 

8.50 

87 

« 

4.00  " 

It 

8.49 

88 

m 

5.00  " 

n 

8.50 

88 

3/II/20 

12.00 

600 

11.25 

89 

H 

I. 00PM 

a 

11.50 

90 

n 

2.00  " 

tt 

11.75 

90 

m 

3.00  " 

ti 

11.75 

91 

m 

4.00  " 

n 

11.75 

91 

m 

5.00  " 

n 

11.90 

91 

m 

6.00  « 

n 

11.70 

91 
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Table  7   (continued) 


Date 

Time 

1 

Temp. 
Room 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

3/8/20 

1. 00PM 

80 

103 

100 

It 

2.00 

n 

81 

103 

100 

9 

3.00 

n 

81 

103 

100 

« 

4.00 

n 

84 

103 

lOI 

it 

5.00 

It 

83 

103 

lOI 

« 

6.00 

a 

83 

103 

lOI 

3/9/20 

1. 00 

tt 

86 

120 

117 

M 

2.00 

It 

e,8 

124 

119 

11 

3.00 

n 

87 

123 

119 

It 

4.00 

It 

87 

123 

123 

tt 

5.00 

n 

89 

126 

122 

3/10/20 

1. 00 

n 

87 

136 

130 

R 

2.00 

n 

88 

136 

130 

« 

3.00 

n 

88 

137 

133 

it 

4.00 

« 

88 

136 

132 

« 

5.00 

tt 

89 

138 

133 

3/II/20 

12.00 

90 

152 

146 
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Tatle  «7  (continued) 


Date 

Time 

Temp. 
Room 
Deg.  Fahr* 

Temp.  Under 

Canvass 

Deg.  Pahr. 

5/II/20 

I. 00PM 

91 

153       148 

2.00  " 

91 

153       149 

3.00  " 

92 

155       151 

4.00  " 

92 

156       152 

5.00  " 

93 

157       153 

6.00  « 

93 

156       153 
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Tatle  8 
As"besto-Cel«  Covering. 

Size  of  pipe ,  inches 5 

Thickness  of  covering,  nominal,  in... I 
Thickness  of  covering,  actual,  in. I. 10 
Weight  per  foot  of  length,  lbs.... 2. 48 


Dat 

e 

Time 
I. 00PM 

Watts 
150 

Milli- 
volts 

2.70 

Temp. 

Cold  end 

Deg.  Fahr. 

/15/ 

20 

77 

n 

2.00  " 

R 

2.70 

78 

a 

3.00  " 

n 

2.45 

79 

II 

4.00  " 

n 

2.43 

81 

716/ 

'20 

2.00  " 

n 

2.81 

86 

« 

3.00  " 

II 

2.67 

9B 

4.00  " 

It 

2.57 

88 

5.00  " 

n 

2.50 

87 

6.00  " 

It 

2.47 

86 

7.00  " 

n 

2.40 

86 

8.00  " 

It 

2.40 

84 

9.00  " 

« 

2.40 

84 

5/17 

/20 

1. 00  " 

300 

4.75 

82 
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Table  6  (oontinued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 

Cold  end 

Deg.  Fahr. 

3/17/20 

2.00PM 

300 

4.82 

83 

■ 

3.00  " 

■ 

4.83 

84 

■ 

4.00  " 

tt 

4.84 

84 

m 

5.00  " 

n 

4.80 

84 

3/I8/2O 

1. 00  " 

450 

7.00 

82 

ti 

2.00  " 

n 

7.00 

83 

« 

3.00  " 

n 

7.00 

82 

• 

4.00  " 

II 

7.10 

84 

■ 

5.00  " 

11 

7.10 

86 

3/19/20 

1. 00  " 

600 

11.56 

85 

n 

2.00  " 

n 

9.00 

82 

II 

3.00  " 

n 

9.15 

84 

■ 

4.00  " 

It 

9.40 

85 

• 

5.00  " 

n 

9.50 

83 

• 

7.30  « 

If 

9. 80 

87 

■ 

9.15  " 

It 

9. 80 

66 
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Table  Q    (continued) 


Date 

Time 

} 

Temp. 
Room 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Pahr. 

5/15/20 

I. 00PM 

77 

99 

97 

n 

2.00 

« 

78 

99 

98 

n 

3.00 

n 

79 

99 

98 

n 

4.00 

It 

80 

99 

98 

3/16/20 

2.00 

fl 

86 

108 

106 

11 

3.00 

« 

90 

109 

107 

IT 

4.00 

n 

89 

108 

103 

n 

5.00 

n 

88 

108 

106 

It 

6.00 

It 

86 

106 

104 

n 

7.00 

It 

86 

107 

105 

n 

8.00 

It 

84 

104 

103 

n 

9.00 

n 

84 

104 

103 

3/17/20 

1. 00 

n 

82 

113 

115 

w 

2.00 

n 

82 

116 

117 

n 

3.00 

n 

84 

117 

119 

a 

4.00 

It 

85 

119 

118 

ti 

5.00 

m 

85 

118 

117 
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Table  6    (continued) 


Date 

Time 

Temp. 
Boom 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

3/18/20 

I. 00PM 

82 

135 

135 

a 

2. go'  " 

82 

133 

133 

« 

3.00  " 

82 

152 

132 

It 

4.00  " 

84 

134 

134 

n 

5.00  " 

86 

134 

134 

5/19/20 

1. 00  " 

85 

141 

143 

n 

2.00  " 

82 

142 

144 

3.00  " 

83 

145 

145 

4.00  " 

85 

148 

150 

5.00  " 

83 

147 

148 

7.30  " 

87 

152 

152 

9.15  " 

86 

151 

151 
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Table  9 
Sponge  Pelt  Covering  No.  7 

Size  of  pipe ,  inches 5 

Thickness  of  covering,  nominal,  in I. 5 

Thickness  of  covering,  actual,  in I»54- 

Weight  per  foot  of  length,  Ihs 6.76 


Temp. 
Milli-   Cold  end 
Date     Time    Watts    volts   Deg.  Fahr. 


3/30/20   2.00PM  100  3.39  88 

"  3.00  "  "  2.95  88 

■  4.00  "  "  2.80  88 
»  5.00  "  "  2.60  89 

•  6.00  "  "  2.40  90 
«  7.00  "  "  2.31  90 

•  8.00  "  "  2.22  90 

•  9.00  "  "  2.20  Qd 

■  10.00  "  "  2.20  8& 

3/31/20   I. 00  "  600  12.80  88 

«  2.00  "  "  13.00  88 

i  3.00  "  "  13.10  87 

•  4.00  "  "  13.10  87 
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Table    9     (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp. 
Cold  end 
Peg.  Pahr. 

3/31/20 

5. 00PM 

600 

13.20 

87 

11 

6.00  " 

n 

13.20 

87 

4/1/20 

1. 00  " 

270 

5.70 

84 

II 

2.00  " 

w 

5.68 

82 

« 

3.00  " 

n 

5.68 

84 

• 

4.00  " 

n 

5.62 

86 

n 

5.00  " 

n 

5.62 

84 

^l2/Z0 

1. 00  " 

430 

8.82 

81 

n 

2.00  " 

ti 

8.80 

82 

m 

3.00  " 

n 

8.80 

82 

m 

4.00  " 

n 

8.80 

82 

m 

5.00  " 

n 

8.80 

82 

TaLls    9    (continued) 


1>mt9 

Time 

Temp. 
Deg.  Fahr. 

Temp.  Under 

Caayarjg 

Deg.  Pahr. 

/30/20 

2.001M 

83 

109 

109 

a 

3,00  " 

Qe> 

109 

106 

a 

4.00  " 

69 

107 

107 

a 

5.00  " 

90 

106 

106 

tt 

6.0c  " 

31 

106 

107 

• 

7.00  " 

90 

105 

105 

n 

S.oo  " 

90 

105 

10$ 

« 

3»oo  " 

88 

105 

103 

R 

IC.OO  " 

B8 

103 

103 

)/3l/20 

1. 00  " 

88 

155 

159 

n 

2.00  " 

88 

154 

158 

» 

3.00  " 

87 

154 

158 

« 

4.00  " 

87 

154 

160 

« 

5.00  " 

88 

155 

I6X 

n 

e.oo  " 

88 

z$6 

i6x 

t/l/20 

1. 00  " 

64 

m 

1x6 

n 

£.00  " 

82 

m 

114 
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Table    9    (continued) 


Date 

Time 

Temp. 
"Room 
Deg.  Fahr. 

Temp.  Under 

Canvass 

Deg.  Fahr. 

4/1/20 

3. 00PM 

84 

116 

117 

n 

4.00  " 

86 

118 

116 

n 

5.00  " 

84 

115 

116 

4/2/20 

1. 00  " 

81 

123 

125 

n 

2.00  " 

81 

126 

128 

•i 

3.00  " 

82 

126 

128 

« 

4.00  " 

82 

126 

128 

n 

5.00  " 

82 

126 

128 
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Ta.'ble   10 
Covering  Ho.  8 
Size  of  pipe,  inches 5 

Thickness  of  covering,  nominal,  in... I 
Thickness  of  covering,  aetiial,  in. 1. 12 
Weight  per  foot  of  length,  lhs....5«54 


Date 

Time 

> 

Watts 

Milli- 
volts 

Temp. 

Cold  end 

Deg.  Fahr. 

4/16/20 

I. 00PM 

90 

2.00 

82 

« 

2.00 

n 

n 

1.95 

83 

n 

3.00 

n 

n 

1. 91 

84 

a 

4.00 

11 

« 

1.87 

84 

■ 

5.00 

n 

n 

1.85 

84 

4/19/20 

1. 00 

t» 

200 

4.28 

84 

It 

2.00 

n 

n 

4.21 

80 

It 

5:00 

n 

11 

4.07 

82 

« 

4.00 

tf 

n 

3.90 

84 

It 

5.00 

« 

n 

5.80 

84 

4/20/20 

3.00 

n 

n 

3.30 

85 

a 

4.00 

n 

n 

3-35 

85 
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Table  10  (continued) 


Date  Time  Watts 

4/20/20  5. 00PM  200 

"  6.00  "  " 

4/21/20  II. 00AM  " 

«  12.00  ° 

•  I. 00PM  " 
«  2.00  "  " 

•  5.00  "  " 

•  4.00  "  " 
"  5.00  "  " 

4/23/20  2.00  "  350 

"  3.00  "  " 

■  4.00  "  " 

«  5.00  "  " 

tt  y.^o  "  " 

4/26/20  3.00  "  100 

•  4.00  "  " 

•  7.30  "  " 
•«  9.30  "  " 


Milli- 
volts 

Temp. 

Cold  end 

Deg.  Pahr. 

3.40 

82 

3-47 

82 

3.50 

87 

3-47 

87 

3-45 

88 

3.42 

86 

3.42 

84 

3-47 

84 

3-48 

84 

5. 80 

85 

5. 81 

84 

5.86 

86 

5.90 

87 

5-93 

89 

1.93 

84 

1.84 

84 

1.74 

86 

1.72 

86 
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Table  I  0  ( continued) 

Temp. 
Milli-   Cold  end 
Date      Time    Watts    volts   Deg.  Fahr. 

4/29/20    I. 00PM    100      1.76      86 

p 


2.00  «  "  1.76  85 

«  3.00  "  "  1.76  84 

■  4.00  "  "  1.76  86 

•  5.00  "  "  1.76  86 
4/30/20  2.00  "  320  5.62  86 

"  3.00  "  "  5.42  81 

"  4.00  «  "  5.48  87 

•  5.00  "  "  5.48  Q8 
"  7.30  "  «  5.50  90 

5/3/20  2.00  "  450  7.80  79 

•  3.00  "  "  7.80  79 
"  4.00  "  ■  7.85  82 
"  5.00  "  "  7.84  81 

5/6/20  8.3OAM  560  10.30  82 

"  12.00  "  10.30  82 
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Table  10  (continued) 


Date 

Time 

Watts 

Milli- 
volts 

Temp* 
Cold  end 
Deg.  Fahr. 

/7/20 

2.00PM 

65 

0.663 

86 

■ 

3.00  " 

n 

0.68 

86 

■ 

4.00  " 

n 

0.68 

68 

ii 

5.00  " 

n 

0.75 

86 
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Table  10  (continued) 


Date 


Temp. 
Room 
Time   Deg.  Fahr. 


Temp.  Under 

Canvass 

Deg.  Fahr. 


4/16/20 


4/19/20 


4/20/20 


4/21/20 


I. 00PM 
2.00  " 
3.00  " 
4.00  " 
5.00  " 
1. 00  ° 
2.00  " 
3.00  " 
4.00  " 
5.00  " 
3.00  n 
4.00  " 
5.00  " 

6.00  " 

II. 00AM 

12.00 
I. 00PM 
2.00  " 


82 
82 
83 
84 
84 
83 
80 
82 
84 
84 
85 
84 
81 
81 
87 
87 
88 
86 


95 

99 
100 

99 

99 

114 

no 

III 

113 
112 
no 
no 
108 
107 
no 
III 
112 
in 


96 
98 
102 
lOI 
lOl 
124 
116 
117 

lie 

118 

114 
114 
112 
112 

115 
116 
116 
115 
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Tatle  lo  (continued) 


Temp.      Temp.  Under 
Soom        Canvass 
Date      Time   Deg.  Fahr.    Deg.  Pahr. 


4/21/20  3.0CPM  84  108  114 

"  4.00  "  83  109  114 

"  5.00  "  83  109  114 

4/23/20  2.00  "  84  126  130 

"  3.00  "  84  124  132 

"  4.00  "  86  127  132 

"  5.00  "  87  128  134 

"  7«30  "  88  131  131 

4/26/20  3.00  "  84  98  100 

"  4.00  "  84  99  loi 

■  7.30  "  86  99  102 

■  9*30  "  86  98  100 
4/29/20  I. 00  "  86  99  102 

«  2.00  "  85  98  100 

"  3.00  "  83  97  100 

"  4.00  "  86  100  103 

*  5.00  "  86  99  102 

4/30/20  2.00  "  86  125  130 
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Table  ^lQ    (continued) 


Date 


Temp. 
Room 
Time   Deg.  Fahr. 


Temp.  Under 

Canvass 

Deg.  Fahr. 


4/30/20 


5/3/20 


5/6/20 


5/7/20 

« 


3.001'M 
4.00  " 
5.00  " 
7.30  " 
2.00  " 
3.00  » 
4.00  " 
5.00  « 
8.30AM 
12.00 

2.00PM 
3.00  " 
4.00  " 
5.00  " 


81 

87 

88 
90 
78 
78 
81 
80 
82 

82 
86 
86 
88 
86 


125 
126 
127 
128 

151 
152 

135 

134 

151 

151 

94 

94 

95 

93 


131 
131 
132 

133 
141 
142 

143 
142 

160 

161 

94 

94 

96 

95 
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The  restG-ts  of  test  on  "bare  pipe,  taken 
from  L.  B.  McMillan's  treatise,  A.  S.  M.  E. 
Trans.,  Vol.  37 »  I9l6»  are  shown  in  Pig.  4* 
The  ordinate  of  any  point  is  the  net  heat 
loss  per  degree  temperature  difference  per  sq. 
ft»  per  hour,  and  the  abscissa  represents 
difference  hetween  pipe  temperature  and  room 
temperature.  This  curve  indicates  that  the 
heat  losses  are  made  up  of  two  components, 
each  of  which  tends  to  cause  the  losses  to 
increase  with  temperature  at  a  much  more  rapid 
rate  th^  that  at  which  the  temperature 
Itself  increases.  These  are  radiation  and 
convection.  According  to  Stefan's  law,  the 
radiation  varies  as  the  fourth  power  of  the 
absolute  temperature.  The  velocity  of  con- 
vection currents  also  increases  much  more 
rapidly  than  the  temperature;  therefore, 
a  combination  of  these  two  effects  will 
cause  the  resultant  losses  to  increase  with 
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temperature  muoh  more  rapidly  than  does 
temperature  Itself. 

Fig.  5  shows  curves  from  tests  of  the 
ten  different  coverings.  The  ordinate  and 
abscissa  represent  the  same  items  as  for 
the  hare  pipe  curve.  These  curves  slope 
upward  as  the  temperature  difference  in- 
creases, which  indicates  they  are  similar 
to  the  rate  curve  for  bare  pipe,  though 
they  do  not  bend  nearly  so  rapidly;  that  is, 
the  effect  of  radiation  and  convection 
within  the  covering  itself  and  at  the  surface 
increases  much  more  rapidly  than  the 
temperature  itself,  but  not  nearly  as  much 
as  in  the  case  of  the  bare  pipe. 

It  is  noticeable,  further^  that  some 
curves  are  nearly  parallel  to  the  tempera- 
ture axis  and  that  others  slope  much  more 
rapidly.  The  reason  for  this  is  that  the 
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rate  of  heat  flow  depends  upon  the  material 
of  the  covering  and  upon  its  structure.  For 
instance,  in  a  covering  with  air  poctets, 
the  heat  loss  will  increase  much  more 
rapidly  with  the  increase  of  temperature 
difference  than  in  case  of  a  solid  one, 
because  in  the  former  heat  is  transmitted 
through  those  air  spaces  in  addition  to 
the  conduction  of  the  solid  material. 


Appendix  I. 

MATEEilATICAL  TEEATMEUT  OP  HEAT  PLOW  IBT 
INSUIATIHG   MATERIALS. 
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Mathematical  Treatment  of  Heat  Plow 
in  Insulating  Materials. 

Taken  from  artical  by  L.  B.  McMillan.  A.S.M.E. 
Transactions.  Vol.37  -^^S®  9^0. 

In  the  case  of  flat  surfaces,  where  the 

two  boundaries  of  the  insulating  material  are 

parallel,  the  quantity  of  heat  conducted  is 

given  by  the  equation 

e,  -  e^ 

Q  =  k At 

in  which 

Q  is  the  quantity  of  heat  conduct ed| 

6,  and  0g,the  temperature  of  hotter  and  colder 
surfaces  respectively, 

X  is  the  thicknessin  in.  of  the  layer  of 
material, 

A  is  the  area  in  sq.  ft.  of  the  surface 
considered, 

t  is  the  time  in  hr» 

k  is  the  conductivity  of  the  material  in 
B.  T.  IJ.  per  degree  temp,  difference  per  sq. 
ft.  per  in.  thickness  per  hr. 
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For  testing  pipe  coverings  which  involve 

cylindrical  surfaces  rather  than  flat  ones, 

the  rate  of  heat  flow  is  given  by  the  equation 

k  (  e,  -  e^ ) 

W,=  ■ 

r  (  log^r,  -  log^r,  ) 

in  which 

W  is  the  rate  of  heat  flow  per  sq.  ft. 
per  hr. ; 

k  is  the  conductivity; 

6,  suid  0^are  the  temperatures; 

r,  and  i;gare  the  radii  of  the  inner  and 
outer  surfaces  of  the  covering  respectively; 

r  is  the  outside  radius  of  the  pipe. 
Solving  for  k 

W,  r  {  log^r^  -  log^r,  ) 

In  this  equation  everything  is  known 
except  e,  .  How  the  loss  per  sq.  ft.  of  outside 
surface  of  the  covering,  W^ ,  is  a  function 
of  the  temperature  difference  between  the 
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outside  surface  of  the  covering  and  the  air 
in  the  room. 

r. 

The  relation  "between  W^and  the  temperature 
difference  hetween  the  outside  surface  of  the 
covering  and  the  room,  for  the  coverings 
tested  was  established,  the  results  of  which 
are  shown  in  the  form  of  a  curve  in  Pig«  6. 


